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Abstract. We present the impact of non-minimal coupling ξφ2R on the inflationary param-
eters by taking into account the models of single-field inflation with the inflaton that has a
non-zero vacuum expectation value (v) after the period of inflation in Palatini gravity. We
discuss the well-known symmetry breaking type potentials, namely the Higgs potential and
Coleman-Weinberg potential. We show the inflationary predictions of these potentials, for
both φ > v and φ < v inflation, the regions in the v− ξ plane for which the values of ns and r
are in agreement with the recent measurements. We also show the linear inflation behavior as
a solution of Coleman-Weinberg potential for ξv2 = 1 limit. Finally, we take into account the
inflationary predictions of Coleman-Weinberg potential for preferred ξ values as a function of
v in Palatini formalism.
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1 Introduction
Inflation [1–4] is an accelerated expansion era thought to occur in the very early universe. It
is considered that the hypothesis of cosmic inflation ensures a plausible clarification to some
problems of the early universe such as the large scale homogeneity and isotropy of the universe,
as well as, of the primordial density perturbations which evolve in cosmic structure. The idea
that the inflationary scenario describes is based on slow-rolling scalar field, φ, which is the
so-called inflaton, over a flat potential V (φ). Many inflationary models have been debated in
literature (see for an extensive subset [5]) and in general, they have been determined by the
inflaton until now.
The inflationary parameters, in particular the spectral index ns and the tensor-to-scalar
ratio r, of these models have been computed and compared with the constraints from the
cosmic microwave background radiation (CMBR) [6, 7] temperature anisotropies and polar-
ization measurements which have become more precise in recent years. The recent Keck
Array/BICEP2 and Planck collaborations data especially constrain strongly the tensor-to-
scalar ratio r that provides reasonable explanation to the scale of inflation and the amplitude
of primordial gravitational waves. From the latest data, ns = 0.9649±0.0042 as well as r has
an upper bound r < 0.056 [7]. The other parameter which is related with the inflation, namely
the running of the spectral index, α = 0.002± 0.010. For now, the recent constraints on the
running of the spectral index are not satisfactory to test the inflationary models. However,
it is considered to improve through 21 cm line observations around the level of α = O(10−3)
[8–10]. The inflationary parameters which are defined above are constrained at the pivot scale
k∗ = 0.002 Mpc−1.
In general, the calculations that are made under the assumption of the inflaton is mini-
mally coupled. A well-known example is the scenario of inflation where the Standard Model
Higgs boson acts as the inflaton with minimal coupling (ξ = 0). However, in curved space-
time, the non-minimal coupling ξφ2R is necessary between the Ricci scalar and the inflaton
for a renormalizable scalar field theory [11–13] and in spite of ξ = 0 at the classical level,
it is generated by quantum corrections [11]. Furthermore, depending upon ξ, inflationary
parameters can change and it directly affects whether inflation occurs or not for the model
under consideration [14–22]. Therefore, in this work, we take into account the inflation mod-
els in the existence of the non-minimal coupling to gravity. In literature, a large number of
papers discuss the inflation with non-minimal coupling in Metric formulation [23–25]. In this
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study, we discuss the non-minimally coupled Higgs potential and Coleman-Weinberg poten-
tial in Palatini formulation. For these potentials, we will present the effects of ξ value on
the inflationary parameters by taking into account that the inflaton has a non-zero vacuum
expectation value (v) after inflationary era. In the very early universe, some potentials can
be related with symmetry breaking. This is the reason for taking into account a non-zero v
after inflation. Furthermore, non-minimally coupled inflationary models can not be clarified
just with the potential form. The definition of degrees of freedom is necessary [26]. In the
metric formulation in general relativity (GR) [27, 28], the metric and its first derivatives are
the independent variables. On the contrary, in Palatini formulation [29–31], the metric and
the connection are the independent variables. For a given Einstein-Hilbert Lagrangian, these
two formulations have the same equations of motion and, thus they represent equivalent phys-
ical theories. On the other hand, in the existence of non-minimal couplings between matter
and gravity, such physical equivalence is lost and these two formulations correspond to two
different theories of gravity (see for such refs. [26, 32–36]). In particular for large ξ values
in Metric formulation, the attractor behavior, which is known as ξ-attractor models, occurs
to the Starobinsky model. However, in Palatini formalism, this behavior is lost [37, 38] as
well as r can take much smaller values according to the Metric formalism for large ξ values
[36, 39–41]. In literature, non-minimally coupled inflationary models in Palatini gravity are
discussed in detail [26, 33, 34, 42–47]. Refs. [26, 34, 42–45, 48] studied the Higgs potential in
Palatini formulation. In ref. [26], self-interaction potential V (φ) is discussed for both Metric
and Palatini formulations. In the large field limit, they found ns ' 0.968 and r ' 10−14 in
Palatini approach. In addition to this, Palatini Higgs inflation is analyzed in ref. [34]. They
obtained that r is extremely suppressed, 1 × 10−13 < r < 2 × 10−5 in Palatini formulation.
On the other hand, Coleman-Weinberg inflation in Palatini formulation is debated in refs.
[36, 49–51]. According to ref. [36], to generate the Planck scale, the vacuum expectation
value (v) of the inflaton must be v2 = M2P /ξ and they obtained when ξ increases, r decreases
and saturating the linear limit for ξ & 10−1 and they also showed for ξ & 1 values, Metric and
Palatini formulations distinguish from each other. The predictions of Palatini formalism are
smaller (larger) values of r (ns) compared to the Metric one as well as for ξ ' 1, r ' 0.075
in Palatini formulation [36]. Furthermore, ref. [50] analyzed the Coleman-Weinberg Palatini
inflation by considering v2 = M2P /ξ, same as ref. [36].
In our work, for non-minimally coupled Higgs and Coleman-Weinberg potentials in Pala-
tini gravity, we show the inflationary parameters for preferred ξ values in the regions v− ξ for
which ns and r values that fit the current measurements. Furthermore, for Coleman-Weinberg
potential, we present the inflationary parameters as functions of vacuum expectation values
for chosen ξ values. The predictions of observable parameters as functions of v for different ξ
values for Higgs potential in Palatini formulation are analyzed in [45] with details. The paper
is organized as follows: after a general explanation of inflation with non-minimal coupling
in Palatini formulation (section 2), we discuss in detail two symmetry breaking potentials,
namely the Higgs potential (section 3) and the Coleman-Weinberg potential (section 4) in
Palatini approach. Finally, in section 5, we discuss our results in the paper.
2 Non-minimally coupled inflation in Palatini gravity
We begin by considering an action of the form
SJ =
∫
d4x
√−g
(
1
2
F (φ)gµνRµν(Γ)− 1
2
gµν∂µφ∂νφ− VJ(φ)
)
, (2.1)
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where g is the determinant of the space-time metric gµν and the subscript J denotes that
the action is described in a Jordan frame. φ is the inflaton and VJ(φ) is its Jordan frame
potential. F (φ) is a non-minimal coupling function and the action which is defined in eq.
(2.1) consists of a canonical kinetic term, a non-minimally coupled scalar field and a potential
VJ(φ). Rµν is the Ricci tensor and it is defined as follows
Rµν = ∂σΓ
σ
µν − ∂µΓσσν + ΓρµνΓσσρ − ΓρσνΓσµρ. (2.2)
The connection is defined as a function of the metric tensor in the metric formulation. It is
so called the Levi-Civita connection Γ¯ = Γ¯ (gµν)
Γ¯ λµν =
1
2
gλρ(∂µgνρ + ∂νgρµ − ∂ρgµν). (2.3)
On the contrary, gµν and the connection Γ are treated as independent variables in the Palatini
formulation, and it is assumed that the connection is torsion-free, i.e. Γ λµν = Γ λνµ. By solving
the EoM, it can be obtained in the form [26]
Γλµν = Γ
λ
µν + δ
λ
µ∂νω(φ) + δ
λ
ν∂µω(φ)− gµν∂λω(φ),
where
ω (φ) = ln
√
F (φ), (2.4)
in the Palatini formalism. In this paper, we will calculate the inflationary parameters of
symmetry-breaking type potentials. We consider that the F (φ) consists of a constant term:
m2 and a non-minimal coupling term: ξφ2R. We will use units, where the reduced Planck
scale mP = 1/
√
8piG ≈ 2.4 × 1018 GeV is set equal to unity. Therefore, either F (φ) → 1
or φ → 0 is necessary after inflation. As a result, by taking m2 = 1 − ξv2, we find F (φ) =
m2 + ξφ2 = 1 + ξ(φ2 − v2) [25, 45]. By using F (φ) = 1 + ξ(φ2 − v2), we will analyze the
inflationary parameters for the Higgs potential and the Coleman-Weinberg potential, of the
inflaton field values for φ > v and φ < v.
2.1 Overview of inflationary parameters
To calculate the inflationary parameters for eq. (2.1), it is suitable to switch to the Einstein
(E) frame by using a Weyl rescaling gE,µν = gµν/F (φ), thus the Einstein frame action can be
found in the form
SE =
∫
d4x
√−gE
(
1
2
gµνE RE,µν(Γ)−
1
2Z(φ)
gµνE ∂µφ∂νφ−
VE(φ)
F (φ)2
)
, (2.5)
where
Z−1(φ) =
1
F (φ)
, (2.6)
in the Palatini formalism. If a field redefinition is made by using
dχ =
dφ√
Z(φ)
, (2.7)
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we find the action with a canonical kinetic term for a minimally coupled scalar field χ. By
taking into account the eq. (2.7), the action in the Einstein frame in terms of χ can be
achieved as follows
SE =
∫
d4x
√−gE
(
1
2
gµνE RE(Γ)−
1
2
gµνE ∂µχ∂νχ− VE(χ)
)
. (2.8)
As a result, if the Einstein frame potential can be written in terms of the canonical scalar
field χ, inflationary parameters can be obtained by using the slow-roll parameters [52]
 =
1
2
(
Vχ
V
)2
, η =
Vχχ
V
, ξ2 =
VχVχχχ
V 2
, (2.9)
here χ’s in the subscripts denote derivatives. Inflationary parameters can be described with
the slow-roll approximation in the form
ns = 1− 6+ 2η , r = 16, α = dns
d ln k
= 16η − 242 − 2ξ2 . (2.10)
In the slow-roll approximation, the number of e-folds is acquired as follows
N∗ =
∫ χ∗
χe
V dχ
Vχ
. (2.11)
Here, the subscript “∗” represents the quantities which the scale corresponding to k∗ exited
the horizon, as well as χe is the inflaton value at the end of inflation, which we calculate by
(χe) = 1.
The amplitude of the curvature perturbation in terms of χ is given in the form
∆R =
1
2
√
3pi
V 3/2
|Vχ| , (2.12)
which should be compatible with ∆2R ≈ 2.1 × 10−9 from the Planck results [6] for the pivot
scale k∗ = 0.002 Mpc−1.
On the other hand, we need to redefine the slow-roll parameters in terms of the original
field φ for our numerical calculations, since it is not simple to calculate the inflationary
potential in terms of χ for general ξ and v values. By using eq. (2.7), eq. (2.9) can be
obtained in terms of φ [53]
 = Zφ , η = Zηφ + sgn(V
′)Z ′
√
φ
2
, ξ2 = Z
(
Zξ2φ + 3sgn(V
′)Z ′ηφ
√
φ
2
+ Z ′′φ
)
,
(2.13)
where we described
φ =
1
2
(
V ′
V
)2
, ηφ =
V ′′
V
, ξ2φ =
V ′V ′′′
V 2
. (2.14)
Furthermore, eqs. (2.11) and (2.12) can be found in terms of φ by using
N∗ = sgn(V′)
∫ φ∗
φe
dφ
Z(φ)
√
2φ
, (2.15)
∆R =
1
2
√
3pi
V 3/2√
Z|V ′| . (2.16)
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In order to calculate the inflationary parameters numerically, we need to obtain the N∗
value numerically as well. On the assumption that a standard thermal history after inflation,
N∗ is given in the form [54]
N∗ ≈ 64.7 + 1
2
ln ρ∗ − 1
3(1 + ωr)
ln ρe +
(
1
3(1 + ωr)
− 1
4
)
ln ρr , (2.17)
here ρe = (3/2)V (φe), at the end of inflation, it indicates the energy density, ρ∗ ≈ V (φ∗)
defines the energy density when the scales corresponding to k∗ exited the horizon, ρr, at the
end of reheating, is the energy density as well as during reheating, ωr is the parameter of
equation of state. We take ωr to be a constant. The predictions of the inflationary parameters
can change depending upon N∗. We can define three different cases for N∗ depending on
the reheating temperature (Tr): in the high-N scenario ωr = 1/3, which corresponds to
the assumption of instant reheating, in the middle-N scenario ωr = 0 and Tr = 109 GeV,
computing ρr by using the Standard Model value for the number of relativistic degrees of
freedom g∗ = 106.75. In the low-N scenario ωr = 0, which is similar to the middle-N scenario
but the reheat temperature Tr = 100 GeV. In this work, we will calculate the inflationary
parameters in the high-N case for both potentials which are considered.
3 Higgs potential
In this section, we analyze the inflationary predictions of the Higgs potential which is associ-
ated with the symmetry-breaking [55]
VJ(φ) = A
[
1−
(
φ
v
)2]2
. (3.1)
The minimally coupled Higgs potential has been discussed comprehensively in literature [5,
56–59]. Once inflation occurs near the minimum, the minimally coupled Higgs potential
approximates the quadratic potential. Thus, the inflationary predictions of Higgs potential
with minimal coupling in terms of N∗ are written in the form
ns ≈ 1− 2
N∗
, r ≈ 8
N∗
, α ≈ − 2
N2∗
. (3.2)
These results are attained for the cases of both φ > v and φ < v. In this study, we consider
the Higgs potential with non-minimal coupling in Palatini formulation. For this potential,
we calculate the inflationary parameters in the v − ξ plane inside the 95% (68%) confidence
level contours given by the Keck Array/BICEP2 and Planck collaborations [60] for the cases
of φ > v and φ < v.
The predictions of the Higgs potential with non-minimal coupling in Palatini approach
is different from the minimal case. By using eq. (2.15), the number of e-folds can be obtained
in the form
N∗ =
1
8
(
φ2∗ − φ2e
)− v2
4
ln
φ∗
φe
. (3.3)
For the large-field limit (during inflation: φ2  v2), the inflationary parameters of the Higgs
potential in Palatini formalism can be obtained as follows [45]
ns ≈ 1− 2
N∗
, r ≈ 2
ξN2∗
, α ≈ − 2
N2∗
. (3.4)
– 5 –
Figure 1. The results of the Higgs potential in Palatini formulation for the cases of φ > v and
ξ > 0. In the top figure, red (blue) display the regions in the v− ξ plane that predict ns and r values
inside the 95% (68%) CL Keck Array/BICEP2 and Planck contours [60]. Bottom figures correspond
to the ns and r values in these regions.
However, when cosmological scales exit the horizon for the case of φ  v, the potential can
be written in the form effectively
VE(φ) ≈ A
[
1− 2
(
φ
v
)2]
. (3.5)
This form of potential approximates the small-field inflation type potentials that also occur
in some supersymmetric inflationary models [61–63], for the case of φ < v during inflation.
The predictions of this potential, which is described in eq. (3.5), are such that r takes very
tiny values and ns ≈ 1− 8/v2.
In the literature, [26] compared the inflationary parameters of the Higgs potential for
Palatini and Metric formalisms in the large-field limit (φ2  v2) during inflation. The
differences between Palatini and Metric formalisms are also analyzed for the Higgs potential
in ref. [34]. They used loop corrections with a simple approximation and they considered
different parts of the potential, such as on plateau, at the point of the hilltop and the critical
point, as well as in false vacuum. They showed that r varies vastly for different parts of the
potential, especially in the plateau, r is very tiny and 1 × 10−13 < r < 10−5. Furthermore,
[42] studied the Higgs(-like) inflation with higher dimensional Weyl operators in the case of
non-minimal couplings and with the potential for Palatini and Metric formulations. They
presented that the inflationary parameters are stable towards the Weyl operators nearby
– 6 –
Figure 2. The results of the Higgs potential in Palatini formulation for the cases of φ < v and
ξ > 0. In the top figure, the red displays the regions in the v − ξ plane that predict ns and r values
inside the 95% CL Keck Array/BICEP2 and Planck contour [60]. Bottom figures correspond to the
ns and r values in this region.
the attractor point in Metric formalism, however, they are very sensitive in the Palatini
approach. They analyzed the inflationary predictions by taking F (φ) = 1 + ξφ2 for N∗ = 50
and N∗ = 60 values. Ref. [43] analyzed the ns, its amplitude and r for the Higgs potential in
Palatini gravity for ξφ2  1 limit and they also discussed the details of the preheating stage
in Palatini Higgs inflation by using N∗ ' 54.9− (1/4) log ξ. In addition to this, ref. [45, 48]
also investigated the Palatini Higgs inflation. Ref. [48] investigated for the large-field limit,
N∗ = 60 required ξ = O(104) in the Metric case and ξ = O(109) in the Palatini approach.
They also showed for N∗ = 60, r ' 3 × 10−3 (Metric), but r is highly suppressed to be
inside the upcoming experiments in Palatini formalism. Ref. [45] calculated the inflationary
parameters for Palatini Higgs inflation for φ > v and φ < v inflation just for selected a few ξ
values. Even though the Palatini Higgs inflation were previously discussed with details, there
still are some shortcomings in the literature which we mention in this section. Unlike the
literature, in this section, we present the inflationary predictions for non-minimally coupled
Higgs potential in Palatini gravity for both φ > v and φ < v cases by taking account a non-
zero v after the inflationary era is that the potential can be related with symmetry breaking
in the very early universe. We also compare our numerical results in the wide range of v − ξ
plane in the 95% (68%) CL contour with the data given by the Keck Array/BICEP2 and
– 7 –
Figure 3. The results of the Higgs potential in Palatini formulation for the cases of φ < v and ξ < 0.
In the top figure, the red (blue) display the regions in the v − ξ plane that predict ns and r values
inside 95% (68%) CL Keck Array/BICEP2 and Planck contours [60]. Bottom figures correspond to
the ns and r values in these regions.
Planck collaborations [60] for the assumption of a standard thermal history after inflation
in the high-N case which we explained in the previous section. First of all, we present the
results of φ > v and ξ > 0 cases. It can be seen from fig. 1 that, in the range of 10 . ξ . 107
and 10−6 . v . 105, the predictions are in the 95% CL. On the other hand, for the range of
10−4 . ξ . 10 and 10−2 . v . 105, the predictions are in the 68% CL. Furthermore, for the
ξ  1 values, r is very suppressed and r ' 10−15. This result is presented in [26, 45]. Ref.
[26] analyzed the inflationary predictions for Palatini Higgs potential in the large-field limit
(ξφ2  1) and they found ns ' 0.97 and r ' 10−14. Our results for ξφ2  1 limit, which
we presented in fig. 1, are compatible with [26]. As it can be seen from the bottom plots
in fig. 1, we obtained for the values of ξ ' 106 and v ' 104, ns ' 0.974 and r ' 10−15. In
addition to this, φ > v and ξ < 0 cases are outside the observational range, since these cases
lead to a larger r. Fig. 2 is plotted for the cases of φ < v and ξ > 0. According to fig. 2, the
predictions of ns and r for the range of 10−5 . ξ . 10−3 and 17 . v . 32, are in the 95% CL
contour. However, ξ & 10−3 and for all v values, the predictions are ruled out. As it can be
seen from the bottom plots in fig. 2, the range is between 10−5 . ξ . 10−3 and 17 . v . 32,
0.96 . ns . 0.967 and 0.032 . r . 0.079. Finally, we also analyzed the cases of φ < v and
ξ < 0, and the results can be seen in fig. 3. The predictions of ns and r can be inside both
68% and 95% CL. For the values of −100 . ξ . −10−3 and 10 . v . 30, the predictions are
in 68% CL but for the same ξ ranges and 30 . v . 104, ns and r are in 95% CL.
– 8 –
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Figure 4. The figure shows the ns-r predictions for varied ξ values and v = 0.01 for different reheating
cases as clarified in the text for Coleman-Weinberg potential in Palatini formulation. The dots on the
curves indicate ξ = 10−2.5, 10−2, 10−1.5, 10−1, and 1, from top to bottom. The pink (red) indicates
the 95% (68%) CL Keck Array/BICEP2 and Planck contours [60].
4 Coleman-Weinberg potential
In this section, we take into account the mechanism of Coleman-Weinberg symmetry breaking
type inflation [64], which was proposed in the early eighties. The effective potential is given
as follows [65, 66]
VJ(φ) = Aφ
4
[
ln
(
φ
v
)
− 1
4
]
+
Av4
4
. (4.1)
The Coleman-Weinberg potential with minimal coupling is analyzed in refs. [67–70] in detail.
The inflationary parameters of this potential are very similar to the results of the Higgs
potential. For the case of φ > v inflation, the predictions of ns and r interpolate between
the quartic and quadratic potential limits and they are ruled out. On the other hand for
φ < v inflation, the case of v2  4N∗ when cosmological scales exit the horizon, the potential
approximates the small-field inflation potentials.
The curves of ns−r for different N∗ cases, which are described in section 2, are displayed
in figure 4 for the Coleman-Weinberg potential in Palatini formalism with the CL Keck
Array/BICEP2 and Planck contours [60].
In the induced gravity limit [71] (ξv2 = 1, F (φ) = Z(φ) = ξφ2), we can obtain the
Einstein frame Coleman-Weinberg potential in Palatini formalism by using eq. (2.7) in the
form
V (χ) ' A
4ξ2
[
4
√
ξχ+ exp
(
−4
√
ξχ
)
− 1
]
. (4.2)
During inflation, χ > 0. However, for φ < v inflation, χ < 0, so for this case, inflationary
parameters are ruled out. For φ > v inflation, χ > 0. In this case, in the v2  2N∗ limits, the
potential approximates the linear potential form. This linear behavior of Coleman-Weinberg
– 9 –
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Figure 5. The ns− r predictions of Coleman-Weinberg potential in Palatini formulation in the case
of ξv2 = 1 for ξ = 1 and ξ = 10 values.
Figure 6. The results of Coleman-Weinberg potential in Palatini formulation for the cases of φ > v
and ξ > 0. In the top figure, the red (blue) display the regions in the v − ξ plane that predict ns
and r values inside the 95% (68%) CL Keck Array/BICEP2 and Planck contours [60]. Bottom figures
correspond to the ns and r values in these regions.
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Figure 7. The results of Coleman-Weinberg potential in Palatini formulation for the cases of φ < v
and ξ > 0. In the top figure, the red (blue) display the regions in the v − ξ plane that predict ns
and r values inside the 95% (68%) CL Keck Array/BICEP2 and Planck contours [60]. Bottom figures
correspond to the ns and r values in these regions.
potential in Palatini formulation agrees with refs. [36, 50, 72, 73]. The predictions of Coleman-
Weinberg potential in the case of ξv2 = 1 are presented in fig. 5 for ξ = 1 and ξ = 10 values
in high-N case. The ns − r predictions of linear inflation are ns ≈ 1− 3/2N∗ and r ≈ 4/N∗,
thus for N∗ ' 60, ns ' 0.975 and r ' 0.066. As it can be seen from fig. 5, the predictions
are ruled out for ξ = 1 and ξ = 10 values and when ξ increases, r values decrease and they
approximate the linear potential predictions. However, for ξ ≤ 1 values, the ns − r can be
inside the observational region for the case of ξv2 = 1.
Let’s define σ ≡ 1/F (φ), so σ = 1/1 + ξ(φ2 − v2). We can write ξ(φ2 − v2) ' 1σ − 1 '
1
σ (1− σ) as well. By using the last definition, this equation can be found
ln
(
φ
v
)
' 1
2
ln
[
1 +
1
ξv2σ
(1− σ)
]
. (4.3)
By using eq. (4.3), the Coleman-Weinberg potential can be written in Einstein frame as
follows
VE(σ) ' Av
4σ2
4
([
1 +
1
ξv2σ
(1− σ)
]2(
2 ln
[
1 +
1
ξv2σ
(1− σ)
]
− 1
)
+ 1
)
. (4.4)
– 11 –
Figure 8. The results of Coleman-Weinberg potential in Palatini formulation for the cases of φ < v
and ξ < 0. In the top figure, the red (blue) display the regions in the v − ξ plane that predict ns
and r values inside the 95% (68%) CL Keck Array/BICEP2 and Planck contours [60]. Bottom figures
correspond to the ns and r values in these regions.
The Einstein frame Coleman-Weinberg potential, which is defined in eq. (4.4), can be sim-
plified by using different approximations and according to these, inflationary predictions can
be found for different limit cases. Let’s consider that during inflation σ  1 as well as∣∣ 1
ξv2σ
∣∣ 1. In these limits, we can write the Einstein frame Coleman-Weinberg potential by
using ln(1 + u) ' u− u22 , where u = (1−σ)ξv2σ , as
VE(σ) ' A
2ξ2
(1− 2σ). (4.5)
This form of Einstein frame potential approximates the non-minimally coupled Higgs po-
tential. In addition to this, if we consider u  1 or equivalently x ≡ 1
ξv2σ
 1 limits, we
have solutions just for φ > v inflation because ln
(
1 + u
)
requires u > −1. Furthermore,
for these limits, by using (1 + u) ' u2(1 + 2u) and ln (1 + u) ' lnu + 1u , Einstein frame
Coleman-Weinberg potential can be simplified and the inflationary predictions can be found.
In the literature, [36] discussed the inflationary predictions of Coleman-Weinberg poten-
tial in Palatini approach for the case of v2 = M2P /ξ and they presented for small values of ξ,
the predictions approximate the results of quadratic inflation. On the other hand, they also
showed while increasing ξ, r declines and the predictions coincide with the linear limit for
ξ & 0.1. In this work, we investigate the inflationary predictions of the non-minimally coupled
– 12 –
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Figure 9. The results of Coleman-Weinberg potential in Palatini formulation for the case of φ > v.
Top figure represents the values of ns and r for different ξ cases as a function of v and the bottom
figures indicate the predictions of ns − r for different ξ values. The pink (red) contours indicate the
95% (68%) CL Keck Array/BICEP2 and Planck contours [60].
Coleman-Weinberg potential in Palatini formalism for both φ > v and φ < v inflation with
details. The predictions of this potential are examined in Metric formulation in ref. [25]. We
present the results of this potential by using high-N case for the regions in the wide v−ξ plane
for which the values of ns and r are inside the 95% (68%) CL contour with the data given
by the Keck Array/BICEP2 and Planck collaborations [60]. We also present the predictions
of ns, r, α, A and N∗ for selected ξ values as function of v. From figure 6, we see that for
ξ > 0 and φ > v inflation, predictions are in the observational region for the values of v . 1
and 10−2.5 . ξ . 10−0.5. The values of v ' 10−15 and ξ ' 10−0.5, ns ' 0.975 and r ' 0.006
but for v ' 10−15 and ξ ' 10−2.5, ns ' 0.965 and r ' 0.06. Furthermore, in figure 7, which
shows the results of ξ > 0 and φ < v inflation, we can see that the ns − r values are in the
68% CL contour for the range of 20 . v . 40 and 10−5 . ξ . 5× 10−4. For ξ ' 10−2.8 and
17 . v . 21, the predictions are in 95% CL contour and ns ' 0.96, r ' 0.025. For the cases
of ξ < 0 and φ < v, predictions can be inside the observational region, as it can be seen from
fig. 8.
Furthermore, in this section, we present the values of ns, r, A,N∗, α for the non-minimally
coupled Coleman-Weinberg potential in Palatini formalism as a function of v for different ξ
values which we selected. As it can be seen from fig. 9, for φ > v inflation, just for ξ = 10−1,
the predictions can be inside the observational region for v  1. On the other hand, for
another set of selected ξ values, the predictions are ruled out. Fig. 10 shows the results of
A,N∗ and α for φ > v inflation for different ξ values. We can see that the prediction of α is too
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Figure 10. The results of Coleman-Weinberg potential in Palatini formulation for the case of φ > v.
Top figures show the values of A and N∗ as a function of v for different ξ cases and the bottom figure
presents the values of α as a function of v.
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Figure 11. The results of Coleman-Weinberg potential in Palatini formulation for the case of φ < v.
Top figures represent the values of ns and r for different ξ cases as a function of v and the bottom
figures indicate the predictions of ns−r for different ξ values. The pink (red) indicates the 95% (68%)
CL Keck Array/BICEP2 and Planck contours [60].
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Figure 12. The results of Coleman-Weinberg potential in Palatini formulation for the case of φ < v.
Top figures show the values of A and N∗ as a function of v for different ξ cases and the bottom figure
presents the values of α as a function of v.
small to be measured in the forthcoming experiments. In addition to this, we also examined
the predictions for φ < v inflation and we presented the results in fig. 11. According to this
figure, the predictions can be in the observational region for ξ = 10−3, ξ = 10−4, ξ = 0 and
ξ = −10−5, as well as ξ = −10−3 values. Fig. 12 presents the results of A,N∗ and α for
φ < v inflation for selected ξ values. Similar to the φ > v inflation, the value of α is very tiny
to be measured in the upcoming experiments.
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5 Conclusion
In this work, we analyzed the inflationary parameters of two symmetry breaking type poten-
tials: Higgs potential and Coleman-Weinberg potential in Palatini formulation. We considered
the inflaton has a non-zero v after the period of inflation, and the non-minimal coupling func-
tion is F (φ) = 1 + ξ(φ2 − v2). For each potential, the regions in the v − ξ plane, we showed
the predictions of the inflationary parameters ns and r are in agreement with the recent mea-
surements. We also presented the inflationary predictions of Coleman-Weinberg potential for
preferred ξ values as a function of v.
We obtained ns ' 0.974 and r ' 10−15 for the Palatini Higgs inflation, for the values of
ξ, v  1 and the predictions are in the 95% CL contour in this limit. We can say that for the
large-field limit, r is very suppressed in Palatini Higgs inflation for the case of φ > v. However,
for φ < v and ξ > 0 inflation, the predictions are in the observational region for just the range
of 10−5 . ξ . 10−3 and 17 . v . 32 and their values are ns ' 0.965 and 0.032 . r . 0.079.
We also analyzed the cases of φ < v and ξ < 0 inflation, and the predictions of ns and r can
be inside the 68% and 95% CL. For the values of −100 . ξ . −10−3 and 10 . v . 30, the
predictions are in 68% CL but for the same ξ ranges and 30 . v . 104, ns and r are in 95%
CL.
Furthermore, we analyzed the predictions of Coleman-Weinberg Palatini inflation both
analytically and numerically. We observed for the ξv2 = 1 limit, the ns − r predictions are
ruled out for ξ = 1 and ξ = 10 values and when ξ increases, r decreases and the predictions
saturate the linear potential limit. We also showed that we only have a solution for φ > v
inflation in ξv2 = 1 limit because of χ > 0 during inflation. In addition to this, we presented
for Coleman-Weinberg φ > v and ξ > 0 inflation, the predictions are in agreement with the
recent data for the values of v . 1 and 10−2.5 . ξ . 10−0.5. We found ns ' 0.975 and
r ' 0.006 for the limits of ξ ' 10−0.5 and v  1. Furthermore, we also presented the results
of ξ > 0 and φ < v inflation, ns − r predictions are in the 68% CL contour for 20 . v . 40
and 10−5 . ξ . 5 × 10−4 region. For ξ ' 10−2.8 and 17 . v . 21, the predictions are in
95% CL contour and ns ' 0.96, r ' 0.025. For ξ < 0 and φ < v inflation, we obtained the
predictions can be inside the observational region.
Finally, we presented the values of ns, r, A,N∗, α for the Coleman-Weinberg Palatini
inflation as a function of v for preferred ξ values. It can be specially emphasized that we
observed the predictions of α is too small for the considered potential to be observed in the
upcoming measurements.
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